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INIlRoDUCTION 

Methyl cetylene and propadiene are used as welding and cutting fuels, s inter- 
mediates in chemical production, and as rocket fuels. 
bustibles in the gas phase are potentially hazardous because their vapors can decompose 
exothermally and propagate flame in the absence of oxygen. 
may be sufficient to effect their decomposition and ignition. 
perature and pressure their thermal stability may be expected to decrease. 
present investigation was conducted to determine the flanmability characteristics of 
gas or liquefied gas mixtures containing these materials together with a hydrocarbon 
diluent, such as propylene or propane. 

pressures have been studied recently. Hall and Straker (lz? report that its burning 
velocity is about 2 cm/sec between 10 and 40 atmospheres - a relatively low value in 
comparison to most known flames. They report a critical pressure for flame propaga- 
tion of 43 psig (lower pressure limit) at about 20" C, in a 4-inch diameter tube. 
This may be compared with the critical pressure limit of 50 psig, in a 2-inch diameter 
tube, reported by Fitzgerald (2). 
which also forms a decomposition flame. 
2-inch tube is only about 6 psig (3). Although little information is available on 
the stability of propadiene, recent experiments indicate that the energy requirements 
for the ignition of propadiene-methylacetylene mixtures are comparable to those re- 
quired for the ignition of methylacetylene alone ( 4 ) .  

Mixtures containing these com- 

Heat from surroundings 
With increasing tem- 

The 

The fundamental properties of the methylacetylene dec osition flame at elevated 

Methylacetylene is more stable than acetylene 
The low pressure limit of acetylene in a 

Like acetylene, methylacetylene and propadiene can be stabilized in a system at 
a specified temperature and pressure by adding inert gases or hydrocarbons that do not 
decompose under the given conditions. 
better stabilizer than either methane or nitrogen. 
propylene and propane as diluents is examined because of the current interest in these 
hydrocarbons as stabilizers for methylacetylene and for methylacetylene-propadiene 
mixtures. 
sensitive to temperature and pressure, as well as to the size of the reaction chamber. 

Fitzgerald (2) reports ethane to be a much 
In the present study, the use of 

The flamnability characteristics of such mixtures (vapors) are shown to be 

- 1/ The work upon which this report is based was done under a cooperative agreement 
between the Bureau of Mines, U. S. Department of the Interior and The Dow 
Chemical Company. 

- 2/ Numbers in parentheses indicate references at end of paper. 

I 
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EXPERIMEmAL APPARATUS AND PROCEDURE 

Limit of Flammability Measurements 

Flarmnability limits of the methylacetylene-propadiene-propylene system were de- 
termined at elevated temperatures and pressures in cylindrical stainless steel bombs 
measuring 1-, 2-, 4- and 12-inches in diameter, respectively, and in a spherical 
bomb of 24-inch diameter. 
12-inch diameter one which was 17 inches long. All of the bombs were insulated 
with asbestos and heated externally with Nichrom&/ ribbon elements (see figure 1). 
Chromel-Alumel thermocouples (22-gage), located near the top and bottom of each bomb, 
were used to follow the heating of the test mixtures introduced into the vessels; 
thermocouple outputs were measured by a potentiometer. 
mixture component was measured by a mercury manometer or a Bourdon gage which also 
served to indicate if ignition occurred. 
during each experiment with an SIM Kistler transducer system whose output was fed 
to an oscilloscope equipped with a camera. 
source consisted of about 1 inch of 38-gage platinum wire located at the bottom of 
the test vessel. 

The cylinders were about 42 inches long, except for the 

The partial pressure of each 

A continuous pressure record was obtained 

In most determinations, the ignition 

In preparing for an experiment, a vapor mixture from the liquefied gases was 
made up in an explosion bomb which had previously been evacuated. To facilitate 
transfer of the gases from their supply cylinders, the latter were immersed in a 
water bath maintained at a selected temperature between 20' and 45" C; the explosion 
bomb was kept at the same temperature. Generally, at least one of the gases was 
introduced in two increments and alternately with the other gas or gases. To effect 
mixing, a thermal gradient of about 60 CD was maintained for at least one hour be- 
tween the top and bottom of the bomb. 
for compressibility, were in close agreement with mass spectrometric analyses made 
for a few sample mixtures. 

Calculated mixture compositions, corrected 

After the gases were mixed, the bomb was heated to the desired temperature and 

In some 
the platinum wire was fused. 
mined from the pressure measurements and from the amount of carbon formed. 
instances, complete analyses of the cooled product gases were madeo Most of the 
experiments were performed at 120" C and at pressures of 50 and 100 psig. 

Ignition and extent of flame propagation was deter- 

The flammability of commercial mixtures (vapor) of liquefied gases was deter- 
mined in much the same way. 
ducted at pressures greater than 100 psig and necessitated the transfer of appre- 
ciable quantities of the sample mixture to the bomb as a liquid. 
by first transferring a measured volume of liquid from the supply cylinder to an 
evacuated stainless steel sphere (523 cc); both were precooled with dry ice, 
small sphere was then heated to force the liquid mixture into the bomb where the 
initial test pressure was controlled by varying the sample volume and bomb tempera- 
ture. The subsequent procedure was similar to that in the previous experiments. 

However, many of the flammability experiments were con- 

This was accomplished 

The 

Two representative commercial mixtures were examined; their compositions are 
given in table 1. 
about 41 volume-percent diluents, (mostly propane and propylene); mixture No. 2 
contained about 32 volume-percent diluents (mostly propane). Mass spectrometric 
analyses of mixture No. 2 by the Bureau of Mines gave a diluent content of 43 volume- 
percent for the vapor sample and 29 volume-percent for the liquid sample. This vari- 
ation can be attributed to the preferential distillation of the lighter diluent 
components. 

- 3/ Reference to specific brands, and make or models of equipment is made to facilitate 
and does not imply indorsement of such items by the gureau of t.lines. 

According to the manufacturer's analyses, mixture No. 1 contained 
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TABLE 1. - Composition of representa t ive  commercial mixtures 
of l iquef ied  gases (volume-percent)L/ 

Mixture No. 1 Mixture No. 2 
Mfg.'s ana lys i s  Mfg. Is analys is  BuMines a n a l y s i d l -  ' 

(Liquid) (Liquid) (Liquid) (Vapor) 

Methylacetylene 36.1 27 {71 :57 
Propadiene 23.3 41 

Propylene 10.8 
Propane 22.5 28 , 22 37 

Cq-Carbon cpds. 7.3 4 7 4 
2 -.s- - -  

- 1/ - 2/ &ass spectrometric analyses. 
Supplied by The Dow Chemical Company. 

The methylacetylene used i n  t h i s  work had a minimum p u r i t y  of 95 percent  and 
could contain a s  much a s  4 percent  ni t rogen according t o  the  vendor's spec i f ica t ions ;  
mass spectrometer ana lys i s  of our sample showed about 2 percent n i t rogen  present. 
The propadiene and propylene were about 97.5 and 99 percent pure, respect ively;  
propylene was the  main impurity i n  t h e  propadiene. 

RESULTS AND DISCUSSION 

Flammability L i m i t s  of t h e  Methylacetylene-Propadiene-Propylene System 

Mixtures of methylacetylene and propadiene vapors were found t o  be flammable 
( i n  the  absence of air) i n  a l l  proportions a t  120' C and 50 psig. 
ene t o  e i t h e r  of these components produced l i m i t  mixture compositions which were de- 
pendent upon the temperature and pressure as w e l l  as on the  v e s s e l  diameter. 
compositions found a t  120" C and a t  50 o r  100 ps ig  are given i n  t a b l e  2 f o r  vessel  
diameters of 1 t o  24 inches. The data  i n  t a b l e  2 w e r e  used t o  make up t h e  ternary 
diagram shown i n  f igure  2. This f igure  shows the  approximate range of flammable mix- 
t u r e s  f o r  the  methylacetylene-propadiene-propylene system under the experimental 
condi t ions noted. 
i s  g r e a t e s t  with high concentrations of propadiene. 
mixtures containing up t o  31.3 percent propylene a r e  flammable i n  the 12-inch diame- 
t e r  bomb a t  100 psig;  21.9 percent  i s  the  l imi t ing  propylene concentrat ion for 
methylacetylene-propylene mixtures. 

Addition of propyl- 

Limit 

I n  any given vesse l ,  the  range of flammable mixture compositions 
For example, propadiene-propylene 

The propadiene used i n  t h i s  inves t iga t ion  propagated flame a t  pressures  i n  ex- 
cess  of 16 ps ig  a t  120" C i n  a 2-inch diameter bomb; the  methylacetylene required 
pressures  grea te r  than 39 psig. Other i n v e s t i g a t o r s  have reported similar pressure 
l i m i t s  of  31 ps ig  a t  120" C and about 45 ps ig  a t  150' C f o r  methylacetylene i n  2-inch 
and 1-1/4-inch diameter bombs, respec t ive ly  (2,4). It i s  not a l toge ther  surpr i s ing  
t h a t  methylacetylene should be more s t a b l e  than propadiene, because t h e  former con- 
t a i n s  a methyl group t h a t  provides increased res i s tance  t o  thermal degradation. 
Pyrolysis  experiments (400-650' C) by Meinert and Hurd (5) i n d i c a t e  t h e  same order  
of s t a b i l i t y  f o r  these l iquef ied  gases. 
acetylene f i r s t  converts t o  propadiene, which then polymerizes and eventual ly  decom- 
poses. 

They a l s o  obtained evidence t h a t  methyl- 
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TABU 2. - Fl-bility l i m i t s  of methylacetylene-propylene-Ty 
diene mixtures a t  120' C i n  var ious s i z e  vessels.- 

I n i t i a l  
Pres  sur  e Methylacetylene Propylene Propadiene 

P s i g  Vol . -% V0l.-x Vole-% 

100 
100 

50 
50 

100 
100 
100 

100 

1-inch I D  Bomb (0.47 l i ter)  
92.8 7.2 -- 19.8 

2-inch I D  Bomb (2.03 lit-ers) 
94.7 '5.3 _- 
90.4 

39.4 
-- 

15.3 
9.6 

23.8 
21.5 

4-inch I D  Bomb (7.86 l i t e r s )  
84.5 15.5 

-- 
go. 2 

-- 
84.7 

76.2 
39.1 

-- 

100 -- 28.7 71.3 

100 
12-inch I D  Bomb (31.0 l i t e r s )  

78.1 21.9 
100 -- 31.3 68.7 

24-inch I D  Bomb (118.7 l i ters) -- 100 >76 <24 
100 -- 32.5 67.5 

- 11 Igni t ion  source cons is ted  of  1-inch of 38-gage platinum fuse wire. 

The flammable range o f  t h e  mixtures was not iceably grea te r  a t  100 ps ig  than a t  
I n  view of t h e  lower explosion pressure l i m i t s  given above for  50 p s i g  ( f i g u r e  2). 

methylacetylene and propadiene, i t  was t o  be expected t h a t  t h e  flammability of the 
mixtures would be pressure-sens i t ive  under t h e  experimental conditions; even propyl- 
ene w i l l  propagate flame a t  s u f f i c i e n t l y  high temperatures and pressures. It was 
a l s o  t o  be  expected t h a t  a n  increase  i n  temperature would widen the l i m i t s  of flame 
propagation. 
methylacetylene and propylene f a i l e d  t o  ignite i n  the  2-inch diameter bomb with the  
i g n i t i o n  source used (1 inch of  38-gage platinum wire); these  mixtures ign i ted  
r e a d i l y  a t  120' C and 50 p s i g  i n  t h e  same bomb. It i s  poss ib le  tha t  with o ther  igni- 
t i o n  sources these mixtures would i g n i t e  and propagate flame a t  the lower temperature 
(60' C) s ince  i g n i t i o n  energy requirements become most c r i t i c a l  near the l i m i t i n g  
pressure condition f o r  flame propagation. 

I n  some prel iminary experiments a t  60' C and 50 psig,  mixtures of 

The e f f e c t s  o f  i n i t i a l  p ressure ,  vessel diameter, and mixture composition were 
a l s o  r e f l e c t e d  I n  t h e  pressure  measurements. 
i n  t h e  1-, 2- and 4-inch diameter bombs with near- l imit  mixtures of propadiene- 
propylerre and methylacetylene-propylene a r e  shown i n  f igure  3 (A and B); per t inent  
d a t a  from these records are given i n  t a b l e  3. 
maximum explosion pressurea developed decrease markedly with a decrease i n  bomb 
diameter. 
mixtures w e r e  60 and 250 p s i / s e c  i n  1 and 4-inch diameter bombs, respect ively;  the 

Pressure-time records from experiments 

The r a t e s  of  pressure r i s e  and the 

For example, t h e  i n i t i a l  rates of pressure rise f o r  t h e  propadiene-propylene 



corresponding r a t i o s  of maximum explosion pressure t o  i n i t i a l  pressure were 2.15 and 
5.82. Comparable d a t a  were obtained with methylacetylene-propylene mixtures. It 
was  evident  from these  andother  r e s u l t s t h a t  the  hea t  losses  were g r e a t e s t  f o r  the  
smallest vessel. The quenching diameter f o r  methylacetylene flames is reported to 
be less than 0.3 cm a t  15 ps ia  and 120" C (1); with propylene as d i l u e n t ,  the  quench- 
i n g  diameter should be grea te r  under t h e  same conditions. 

Explosion pressure-time h i s t o r i e s  f o r  the  f laamabi l i ty  determinations conducted 
i n  t h e  2-inch diameter bomb with propadiene and methylacetylene a t  var ious i n i t i a l  
pressures  are a l s o  shown i n  f igure  3 (C and D). 
a t t a i n e d  more rap id ly  with propadiene than with methylacetylene, a t  a given i n i t i a l  
pressure. 
maximum rates of pressure rise were only 25 and 55 p s i l s e c ,  respec t ive ly  ( t a b l e  3). 
These rates, and those obtained f o r  mixtures of  these gases with propylene, increased 
not iceably a8 t h e  i n i t i a l  pressure and the  diameter of the vessel w e r e  increased. 
Because of t h e  r e l a t i v e l y  low rates of pressure rise observed i n  most of these  deter- 
minations, t h e  t i m e s  required to reach a given pressure were long, as compared t o  
those t h a t  are general ly  observed with combustible-oxidant mixtures i n  similar bombs. 
A s  noted i n  t a b l e  3, the times required t o  a t t a i n  maximum pressures  were greater  than 
1 second except i n  experiments conducted i n  t h e  4-inch diameter bomb; these data  ind i -  
cate the  slow development and propagation of flame t h a t  can be expected i n  t h e  decom- 
pos i t ion  of  these materials. 

Maximum explosion pressures  were 

A t  t h e  explosion pressure l i m i t  f o r  propadiene (16 psig) ,  the  i n i t i a l  and 

The e f f e c t  of vesse l  s i z e  on the  f l m b i l i t y  l i m i t s  of methylacetylene-propylene 
mixtures a t  120" C and 100 ps ig  is  i l l u s t r a t e d  i n  f igure  4. 
d i l u e n t  (propylene) required t o  produce l i m i t  mixtures increased with an increase i n  
vessel diameter from 1 to 12 inches; above 12 inches the  diameter had l i t t l e  e f fec t .  
The following equations were found t o  f i t  t h e  experimental da ta  by the  method of 
least squares f o r  t h e  range of  vessel  diameters, d, indicated:  

Methylacetylene-propylene mixtures: 

Propadiene-propylene mixtures: 

The concentrat ion of 

Vo1.-% propylene = 4.1 + 3.2 d - 0.14 d2; 

Vo1.-% propylene = 18.3 + 3.0 d - 0.16 d2; 

1" <d <12" 

1" <d 9 2 , '  

(1) 

(2) 

The volume percent  of  propylene is the  amount required to obta in  a l i m i t  mixture. 

The vessel diameter e f f e c t  observed f o r  these mixtures can be a t t r i b u t e d  la rge ly  
t o  t h e  s l o w  flame propagation obtained with these materials. 
ing  per iod,  t h e  burning v e l o c i t i e s  probably d id  not exceed about 2 cmlsec, t h e  value 
reported by Hall and Straker  (1) f o r  pure methylacetylene a t  10 atmospheres. With 
such a low burning ve loc i ty ,  t h e  t o t a l  hea t  l o s s e s  t o  t h e  w a l l s  by conduction and 
r a d i a t i o n  can be s i g n i f i c a n t  enough t o  cause flame ext inct ion.  
t h a t  such e f f e c t s  would be  most evident, a s  i s  the  case here ,  f o r  t h e  smallest  diame- 
ter vessels o r  those with t h e  g r e a t e s t  contact  area-to-volume r a t i o .  Judging from 
t h e  burning v e l o c i t i e s  and flame temperatures, hea t  l o s s e s  due t o  rad ia t ion  appear 
t o  b e  very important i n  t h e  propagation of decomposition flames through methylacetylene 
and acetylene; observed flame temperatures a r e  much less than va lues  calculated assum- 
i n g  no rad ia t ion  l o s s e s  (6,7). 
heat losses alone determine t h e  explosion pressure l i m i t s  of these flames. 

During most of the burn- 

It i s  t o  be expected 

However, i t  has  not been es tab l i shed  whether such 

The main (cooled) decanposition products from methylacetylene and propadiene 
were found t o  be  carbon, hydrogen and methane ( t a b l e  4) ;  s m a l l  or t r a c e  q u a n t i t i e s  
of ethane, ethylene and unreacted gas were a l s o  present. 
obtained with methylacetylene and with acetylene by o ther  inves t iga tors  (1,2)* 

Similar r e s u l t s  have been 
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However, acetylene general ly  undergoes more complete decomposition t o  the elements, 
(carbon and hydrogen) a t  t h e  temperatures and pressures  employed here. 
duct ion increased with an increase  i n  i n i t i a l  pressure whereas the  methane content 
decreased. 
maximum pressure (100 p s i g ) ,  but  they were present  i n  s i g n i f i c a n t  amounts (0.6 per- 
cent  ethane and 2.3 percent ethylene) i n  the experiment with propadiene a t  a pressure 
of  16.5 psig;  benzene (0.7 percent)  was a lso  found a t  t h i s  low pressure. The same 
gases form as products o f  t h e  explosive decomposition of ethylene a t  elevated tempera- 
t u r e s  and pressures  (8). 
pyro lys i s  of propylene between 600" and 955" C (9); however, they d id  not f ind any 
evidence of aromatic hydrocarbons i n  t h e  pyrolysis  of methylacetylene or  propadiene 
between 400' and 650" C (5). 

Hydrogen pro- 

Ethane and ethylene were barely de tec tab le  i n  the  products formed a t  the  

Hurd and Meinert a l s o  repor t  similar products from the 

Figure 5 shows t h a t  t h e  amount of f r e e  carbon formed w a s  near ly  insens i t ive  t o  
mixture composition and increased l i n e a r l y  with i n i t i a l  pressure;  these da ta  were ob- 
ta ined a t  120" C i n  the  2-inch diameter bomb. 
pared t o  t h a t  which would be expected from t h e  assumed reac t ions  t h a t  i d e n t i f y  t h e  
three  curves given i n  t h i s  f igure.  
t i a l l y  between the bottom and middle curves which correspond t o  carbon y ie lds  of 2 and 
2-112 moles, respec t ive ly ,  per  mole of methylacetylene (HC 
(H2D.C=CH2). However, t h e  gas  compositions of the  cooled combustion products were not 
a l toge ther  cons is ten t  with those  of the  reac t ions  assumed here. 

The experimental carbon y i e l d  i s  com- 

It i s  seen t h a t  t h e  experimental da ta  f a l l  essen- 

C-CH3) o r  propadiene 

Material balances based on the  complete analyses of  the combustion products from 
methylacetylene and propadiene are given i n  t a b l e  5. 
were l a r g e l y  carbon, hydrogen and methane, small quant i t ies \  of ethane, ethylene, e tc .  
were neglected. Best  material balances were obtained i n  the  experiments a t  100 psig. 

As the  decomposition products 

TAB= 5. - Products formed by t h e  explosive decomposition of  methyl- 
-acetylene, propadiene, and methylacetylene-propylene 

mixtures a t  120" C and var ious i n i t i a l  pressures  

I n i t i a l  Bomb 
Pressure Diameter Reactants Carbon Hydrogen Methane 

p s i g  inches (moles )L/ moles moles moles 

42 2 (l)HCzC-CH3 2.16 1.08 0.39 
100 2.34 1.34 0.35 
16.5 (1)H2**m2 1.86 0.75 0.36 
50 2.36 1.19 0.34 

100 2.54 1.44 0.29 
100 . 4 (1 )HCrC-CH3 + 2.96 2.00 0.46 

t I  11 

I t  

11 

11 t l  

(0.175)H2WCH-CH3 

- 11 Numbers i n  parentheses  i n d i c a t e  moles of reactant .  

e s s e n t i a l l y ,  only small amounts of  addi t iona l  carbon are needed to  obta in  agreement be- 
tween t h e  input  and output  mater ia l s  a t  t h i s  pressure. 
gen t o  carbon was 1.33 f o r  both reac tan ts ;  it was between 1.36 and 1.48 f o r  t h e i r  
reac t ion  products, including minor cons t i tuents  such as ethane, ethylene, e tc .  ( tab le  4). 
The apparent shortage of carbon may be ascr ibed . to  the f a c t  t h a t  a l l  of  t h e  carbon 
formed i n  t h e  reac t ion  vesse l  was not removed and weighed. The amount of hydtogen and 
o ther  gaseous products combined o r  adsorbed i n  the  carbon probably d i d  not introduce a 
se r ious  e r ror .  

The mole r a t i o  of t o t a l  hydro- 
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The combustion products from an ignition in the 4-inch diameter bomb with 85 per- 
cent methylacetylene and 15 percent propylene at 100 psig and 120' C were also analyzed 
(table 4). 
material balance was much like that observed with methylacetylene or propadiene alone 
(table 5). 

The products were again chiefly carbon, hydrogen and methane, and the 

The relative concentrations of hydrogen and methane that were found in the decampo- 
sition products may be explained partly by consideration of the decomposition of methane 
as follows: 

(3) 

C2H2 j 2C + H2 . ( 4) 

According to thermodynamic data, little methane should exist at about 1500' C (10); there- 
fore, maxlmum conversion of methane to carbon and hydrogen should occur at temperatures 
equal to or greater than this value. Since the observed flame temperatures for the decom- 
position of methylacetylene are about 1300' C (6), noticeable methane concentrations 
should then be expected in the end products. 
the heat losses increase and the ratio of methane to hydrogen should increase, as it 
actually did. In comparison, the decomposition of acetylene is associated with higher 
flame temperatures which account in part for the small amount of methane that is generally 
found in the decomposition of this material. 

With decreasing pressure and vessel size, 

Flmmability Characteristics of Representative Commercial 
nixtures of Liquefied Gases 

Vapors of cmercial mixture No. 1 (41% diluents) did not propagate flame without 
air in the 2-inch diameter explosion bomb at temperatures extending from 18' to 187' C 
and at corresponding pressures of 80 to 390 psig; the only evidence of reaction was the 
presence of small quantities of liquid products and of carbonaceous soot near the ignition 
element. In most of these experiments, the ignition element consisted of two platinum 
vires (%-gage and 1-inch long) and 50 mg of guncotton. 

Conmercial mixture No. 2 ( 3 H  diluents) showed little evidence of reaction in flamma- 
bility tests conducted in the 24-inch spherical bomb at 126' C and pressures up to 116 
psig. 
4-inch diameter cylindrical bomb, and the maximum pressure developed was greater than 
1000 psig. 
mixture temperature (215' C) was sufficient to ignite the guncotton; 
tion of the mixture was unlikely in the absence of air at the above temperature and 
pressure. 

However, at about 215' C and 285 psig, the mixture decomposed explosively in the 

Ignition occurred without fusion of the ignition source indicating that the 
spontaneous igni- 

According to the data obtained for various mixtures of methylacetylene, propadiene 
and propylene, commercial mixture No. 1 should not be flanrmable under the experimental 
conditions used here because of its high diluent content (22.5% propane, 10.8% propylene, 
and 1.3% 4-carbon atom hydrocarbons). 
not fall in the flammable range, assuming that the diluents are as stable as propylene. 
HOvever, a moderate increase of the methylacetylene or propadiene concentration would 
tend to make the mixture flamnable. Moreover, the mixtures will tend to be more unstable 
at higher temperatures and pressures. As the composition of comnercial mixture lo. 2 
falls close to the range of flammable methylacetylene-propadiene-propylene mixtures 
(figure 2), its behavior at high temperatures and pressures is not surprising. 

Figure 2 shows that this mixture composition does 
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The a b i l i t y  of  p a r a f f i n  hydrocarbon d i luents  t o  s t a b i l i z e  l iquef ied  gases appears 
t o  depend par t ly  upon the h e a t  of formation of  the  di luent .  For example,. the  s t a b i l -  
i t y  of methylacetylene (2) and acetylene (3) increases  with the addi t ion  of p a r a f f i n s  
of increased molecular w e i g h t  and decreased h e a t  of formation (negative). The e f fec-  
t iveness  of  these d i l u e n t s  and of nit rogen decreases i n  the  following order :  

Butane > propane > ethane >methane > nit rogen . 
Thus, butane and propane should be preferred as s t a b i l i z e r s  for  these commercfal mix- 
t u r e s ;  they should a l s o  be favored over propylene which has  a p o s i t i v e  h e a t  of forma- 
t ion .  The a b i l i t y  of the d i l u e n t s  to  absorb hea t  can a l s o  be an important f a c t o r  here 
and probably accounts to  a l a r g e  ex ten t  for  t h e  greater  e f fec t iveness  observed with 
hydrocarbons than with nitrogen. 

CONCLUSIONS 

Mixtures of methylacetylene and propadiene vapors a r e  flammable i n  a l l  proportions 
a t  an i n i t i a l  temperature of 120” C and a pressure of 50 psig. 
are formed by adding propylene and a r e  dependent on such var iab les  a s  temperature, 
pressure,  vessel  diameter, and i g n i t i o n  energy. 
creases  when the i n i t i a l  p ressure  is increased from 50 to  100 psig. 
when the  diameter of t h e  r e a c t i o n  v e s s e l  i s  increased from 1 t o  12 inches; above 12 
inches t h e  diameter has  l i t t l e  effect .  

Nonflammable mixtures 

The range of flammable mixtures in- 
It increases  a l so  

The low pressure (explosion) l i m i t s  a r e  about 16 ps ig  for  propadiene, and 39 ps ig  
f o r  methylacetylene a t  120” C i n  a 2-inch diameter bomb. 
r i s e  following i g n i t i o n  o f  the  t e s t  mater ia l s  a re  very l o w  and are i n d i c a t i v e  o f  an- 
usua l ly  low burning v e l o c i t i e s .  
diameter and pressure. 

Ini t ia l  r a t e s  o f  pressure 

These r a t e s  increase with an increase  in vesse l  

The end products formed by explosive decomposition of methylacetylene between 42 
and 100 p s i g  and of propadiene between 16 and 100 ps ig  a r e  c h i e f l y  carbon, hydrogen 
and methane; methylacetylene-propylene mixtures give similar products. An increase  i n  
pressure increases  t h e  percentage of hydrogen and decreases the percentage of methane. 
Decomposition of these l i q u e f i e d  gases  t o  t h e i r  elements w a s  less complete than t h a t  
of  acetylene a t  t h e  same condi t ions.  
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